• A possible association between type II diabetes mellitus and apical periodontitis was evaluated in this study using cone beam computed tomographic images of adequately root-filled and restored teeth. A greater prevalence of apical periodontitis and severe bone destruction was observed in patients with diabetes mellitus compared with nondiabetic patients.
groups according to the patients' mean glycated hemoglobin level as either having OGC or PGC. The periapical status of the teeth was evaluated using the CBCT periapical index (CBCTPAI), and AP was diagnosed as a CBCTPAI ≥1. χ 2 , Fisher's exact test, and independent-samples t tests were used for the statistical analysis, and p < 0.05 was considered significant. Results: Significant differences between the DM group and the control group were observed (p < 0.05) in terms of AP (the frequencies of both CBCTPAI ≥1 and CBCTPAI ≥3) and the frequency of cardiovascular disease, while there were no significant differences between the DM subgroups (p > 0.05). Conclusion: The prevalence of AP and severe bone destruction in periapical tissues was significantly higher in the DM patients compared with the nondiabetic patients.
Introduction
Polymicrobic agents originating from the necrotic dental pulp can cause apical periodontitis (AP), which is characterized by an inflammatory response and bone destruction in periapical tissues [1, 2] . Bone destruction from AP can be identified radiographically as localized radiolucent destruction in the corresponding tooth root apex of the adjacent bone tissue [3] . Ideally, endodontic treatment should clean, disinfect, and fill all the root canals hermetically, aiming to cure the AP. However, inadequately aseptic environments, procedural errors, and systemic disease can disrupt the recovery mechanism of an endodontic treatment [4] and cause persistent AP.
A systemic disease possibly associated with AP that has been investigated is diabetes mellitus (DM), which results from the absence (type I DM) or deficiency (type II DM) of insulin [5] . DM is a chronic disease that leads to specific complications associated with hyperglycemia and is associated with delayed healing, a decrease in cytokine production, and a diminished tissue repair capacity, including neutrophil chemotaxis [6] . The level of glycated hemoglobin (HbA 1c ) has been accepted as the most important reference for controlling mean glycemia and predicting the risk of the development of DM complications [7] . According to the American Association of Clinical Endocrinologists, an HbA 1c level of ≤6.5% is considered the goal for optimal glycemic control in diabetic patients [8] .
Investigations of the hypothesis that DM is associated with a higher incidence of AP, using both animal [9] [10] [11] [12] and human [5, 6, [13] [14] [15] models, have yielded inconclusive results. All previous human studies [5, 6, [13] [14] [15] have used panoramic or periapical radiographs in their methodology, although the limitations of conventional radiographic methods (i.e., the 2D nature of the image, anatomical noise, geometric distortion, and possible dismissal of periapical lesions within cancellous bone) are well established [16, 17] . Recently, cone beam computed tomography (CBCT) imaging has gained popularity in epidemiological studies because its 3D nature allows for the detection of AP before it can be recognized radiographically [18, 19] . In addition to the reports of CBCT imaging results in higher detection rates of AP, CBCT scanning produces findings closer to histologic evaluations [20] [21] [22] . Therefore, by having superior validity and reliability compared with radiographs, CBCT minimizes false diagnoses. Despite these outstanding features, the radiation dose is significantly higher compared with conventional radiographic techniques [23] ; therefore, the American Association of Endodontists and the American Academy of Oral and Maxillofacial Radiology recommend that the application of CBCT with limited field of view (FOV) can be the method of choice when the third dimension is needed [23] . Existing CBCT images can be analyzed to obtain additional information from incidental findings that may be discovered within the FOV [24, 25] .
This cross-sectional study aimed to compare the prevalence of AP in root-filled teeth in type II diabetic patients with optimal glycemic control (OGC) and poor glycemic control (PGC) with that of nondiabetic patients from a Turkish subpopulation using CBCT evaluations.
Subjects and Methods

Study Design and Data Source
The records of DM patients who had been followed up in the Endocrine Polyclinic and also attended the Dental Polyclinic of the Adana Baskent University between December 2014 and December 2017 were scanned for this study. Type II DM patients with a history of immunosuppressive medication or chemotherapy and a lack of follow-up information were excluded, and those who coincidentally had CBCT scans performed for any diagnostic reasons were listed.
Inclusion Criteria
Patients with at least one tooth with an adequate root canal treatment and coronal restoration within the FOV of an existing CBCT were selected. However, after careful examination of the anamneses, if the root canal treatment of a selected tooth was found to have been performed less than 1 year ago, the subject was excluded. Additionally, root-filled teeth without permanent restoration were also excluded. Ultimately, 75 teeth of 43 DM patients with adequate root canal treatment were included in the study.
Information about the most recent HbA 1c levels, the presence of cardiovascular disease (CVD), and the age and gender of the patients (29 females, 14 males; mean age 56.40 ± 10.30 years) were obtained from the hospital's medical database. Adequate glycemic control was defined according to the American Association of Clinical Endocrinologists as an HbA 1c level ≤6.5% [8] . Based on HbA 1c levels, the DM patients were divided into two subgroups: those with an HbA 1c level ≤6.5% were placed in the OGC group and those with an HbA 1c level > 6.5% were placed in the PGC group. Thirty DM patients (53 teeth in total) were placed in the OGC group, while 13 patients (22 teeth in total) were placed in the PGC group. As a control group, 162 teeth with adequate root canal treatment of 86 patients whose age and gender distribution was compatible with the DM group (56 females, 30 males; mean age 56.28 ± 10.07 years) were selected from the CBCT patient records. The inclusion criteria for the control group were the same as those for the DM group.
CBCT Examination and Evaluation
All of the CBCT scans were performed by two trained technicians using a Pax-i3D apparatus (Vatech, Hwaseong, South Korea) with the manufacturer's recommended exposure conditions (24 s, 90 kVp, and 5. FOVs: 50 × 50, 80 × 50, 80 × 80, and 120 × 90 mm. EasyDent V4 Viewer (Version 4.1.4.5.) software was used for the reconstruction of the images. The quality of the root canal fillings was examined according to a modified form of the criteria described by De Moor et al. [26] . An adequate root canal filling was defined as a complete filling ending at least 1-2 mm from the apex with no voids. An inadequate filling was defined as a poorly condensed filling with an over-or under-root filling length. For teeth with multiple canals, the quality of the root canal filling was ranked according to the root canal with the worst quality.
The periapical status of the teeth was independently evaluated by two experienced endodontists that had been previously calibrated in using the cone beam computed tomography periapical index (CBCTPAI) [27] . This index uses a 6-point scoring system from 0 to 5, with 2 variables describing the expansion (E) and destruction (D) of cortical bone ( Table 1 ). The CBCTPAI score was determined by the largest extension of the lesion. A CBCTPAI score ≥1 was considered to be a sign of AP. In multirooted teeth, the worst CBCTPAI score of all the roots was used. The kappa coefficient was used at the end of the evaluation to analyze the agreement between the evaluators of the presence and/or absence of AP (k = 0.89). Cases in which the evaluators disagreed were resolved by joint discussion until consensus was achieved.
Statistical Analysis
The minimum sample size for each group of 70 root-filled and restored teeth was estimated according to α = 0.05 and a power of 80% using http://powerandsamplesize.com/Calculators/Compare-2-Proportions/2-Sample-Equality. The SPSS (Version 23.0) package program was used for the statistical analysis of the data. Categorical measurements were summarized using numbers and percentages, whereas means and standard deviations (median and minimum-maximum values where necessary) were used for continuous measurements. χ 2 or Fisher's exact tests were used for the comparisons of categorical variables. Independent-samples t tests were used for the comparisons of continuous measurements between groups. Values of p < 0.05 were considered significant. Diameter of periapical radiolucency >2-4 mm 4
Diameter of periapical radiolucency >4-8 mm 5
Diameter of periapical radiolucency >8 mm Score, n + E* Expansion of periapical cortical bone Score, n + D* Destruction of periapical cortical bone * The variables E (expansion of cortical bone) and D (destruction of cortical bone) were added to each score if either of these conditions was detected in the CBCT analysis. 
Results
CBCTPAI scores for the DM group and the control group are presented in Table 2 . The frequency of AP was 37.3% for the DM group and 28.4% for the control group, and this difference was statistically significant (p < 0.05). The frequency of CBCTPAI score ≥3 in the DM group was 21.3%, while it was 6.79% in the control group, and this difference was also statistically significant (p < 0.05).
There was no significant difference between the DM group and the control group in terms of age, gender, and type of teeth evaluated (teeth with single root canals vs. teeth with multiple root canals). The frequencies of teeth with single root canals were 73.4 and 71.7% for the DM group and the control group, respectively. The frequencies of teeth with multiple root canals were 26.6 and 28.3% for the DM group and the control group, respectively.
In the DM group, 23 patients (53.5% of the DM group) had CVD, while 16 patients in the control group (18.6%) had CVD. This difference was found to be statistically significant (p < 0.05).
The CBCTPAI scores for the DM subgroups are presented in Table 3 . The gender distribution and frequencies of CVD are presented in Table 4 . No significant difference was found in either the frequency of AP and CVD or in the distribution of gender and age (p > 0.05).
Discussion
According to the results of the present study, the prevalence of AP was significantly higher in the DM patients compared with the nondiabetics. This result can be interpreted as DM adversely affecting or delaying the healing process of root canal treatments because they were performed at least 1 year previously. Since the preoperative radiologic and clinical evaluation of the treated teeth were absent, it was impossible to discriminate still-healing cases, which is the main limitation of this study. This limitation arose because the effective CBCT radiation dose is higher than that for conventional radiography, and the nature of cross-sectional study design. According to the current guidelines, CBCT cannot be used preoperatively when performing an ordinary root canal treatment [23] . Therefore, study subjects were coincidently visualized within the FOV of recorded CBCT images that had already been taken for any diagnostic reason. Moreover, in such a cross-sectional study design, data is collected at one point in time to state disease prevalence and associate the disease to pathogenic factors. However, these data do not capture all the information about how the root canal treatments were performed, and it is not possible to control all the factors affecting the healing process or the outcome [25] . By including only the teeth with adequate root canal fillings and restorations that were performed at least 1 year earlier and choosing control subjects who were age-and sex-matched to the DM group, such confounding variables were intended to be reduced. As shown in Table 1 , CBCTPAI scores < 3 revealed minimal bone destruction of about 2 mm, so the frequency of a CBCTPAI score ≥3 was also statistically evaluated. Consequently, as well as the frequency of a CBCTPAI score ≥1, a CBCTPAI score ≥3 was also significantly higher in the DM group, which indicates that severe bone destruction was significantly more frequent in the DM subjects with AP.
Similar to the findings of the present study, a recent meta-analysis [5] reported a significant association between DM and AP in endodontically treated teeth. Additionally, the findings of Arya et al. [13] from a prospective study design with a 1-year follow-up period were in accordance with the present study. They observed significantly less periapical healing in the DM group (43%) compared with the control group (80%). However, in a systematic review, Aminoshariae et al. [14] stated that it is impossible to infer a significant relationship between DM and endodontic outcome based on the previous inconclusive findings.
The current literature indicates that the relationship between DM and endodontic diseases is a paradox. The negative effect of DM on tissue healing and the mechanism of bone turnover is well known and supported by animal studies which show that DM induces periapical lesions [9] and has an adverse effect on vital pulp therapy [10] . On the other hand, AP is not an entirely localized periradicular problem; the cell membranes of the anaerobic gram-negative bacteria that cause AP stimulate the release of proinflammatory cytokines into the systemic circulation, thus increasing the systemic inflammatory status [28] . In an animal model, Cintra et al. [11] showed that both endodontic and periodontal infections may increase the levels of HbA 1c in both diabetic and nondiabetic rats. In addition, Astolphi et al. [12] found that the presence of a periapical lesion can have detrimental effects on insulin signaling and cause insulin resistance. In a cross-sectional clinical study that investigated the possible association between HbA 1c levels and the prevalence of AP [15] , worse periapical status was found to be significantly correlated with HbA 1c levels ≥6.5% in type II DM patients. However, the prevalence of AP in root-filled teeth was found to be similar in both HbA 1c groups, as was reported in the present study ( Table 3) .
As 3D images were evaluated in the present study, the CBCTPAI defined by Estrela et al. [27] was preferred over Ørstavik's index [29] , which has previously been successfully used in the evaluation of 2D images. CBCTPAI offers an accurate diagnosis through the analysis of lesions in 3D high-resolution images, with CT slices obtained in mesiodistal, buccopalatal, and diagonal directions.
In the present study, the prevalence of CVD was significantly higher in the DM group. Since type II DM is related to clustered risk factors for CVD, and amongst DM patients a prevalence of 75-85% for hypertension, 70-80% for elevated LDL, and 60-70% for obesity has been reported [30] , this result agrees with a well-established association between CVD and DM.
Conclusion
Within the limitations of this cross-sectional study, a significant association was observed between DM and a higher prevalence of AP in root-filled teeth and CVD. Further clinical and prospective epidemiologic investigations are needed to clarify this issue.
